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(54) MIS SEMICONDUCTOR DEVICE 
(57)Abstract: 

PURPOSE: To provide a MIS semiconductor device wherein it 
restrains that a threshold voltage is lowered due to a short 
channel, it reduces an irregularity in the threshold voltage due 
to an irregularity in the working operation of a gate and its 
mobility is high. 

CONSTITUTION: The surface 5 of a semiconductor substrate 
in a channel region is set at a low concentration; buried 
regions 6, 7 whose concentration is higher than the ^ 
concentration on the surface are formed inside shallower than 
the depth of a depletion layer spread from the surface of the 
substrate when an inversion layer is formed. The 
concentration of the region 7 at a certain distance Lp to the 
channel region from the end of a channel out of the high- 
concentration buried regions is set higher than the high- 
concentration region in the region 6 in the central part of the 
channel. Thereby, a drop in a threshold value due to a short 
channel length is offset nearly by a rise in the threshold value 
due to an increase in the rate of the high -concentration 
buried region 7 at a certain distance Lp. Since the surface 5 
of the substrate where the channel is formed is set low in concentration, the high mobility of this 
device can be achieved. 
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(54) [ mi a>m- ] mis m?mtm& 


. (57) [g^J 
TI4> -£EPBLp<75iS5»£Si£®«7roi(&;as*#< 



(2) 


2 9 5 2 2 


T. 

«fi)c£ft. 10 

J: 9 « < »rt 3 *i"C * 5 £ & trW* i + 
5fB*« l tcEfiWM I sa¥^fti£®„ 

ur<t«j, 20 

»M I Sf^ftil, 

[».#JS5] #IEiBaJi«^tt*»«fi«t4iri2f-+^/i' 30 
«*<OiWfEJSfB*»e>-^©!E«-e8tlE«f*»a^«*» 

ro l /2*WfcRj££ftfc;: t «rtt»i:-r$»#ig l t5> 
6>l»**3*'C©V^iijJ>lcB«©MI SSfiM 

So 

>j?&<D a: f * * -> + ^gK «t 9 Jgjft £ lit 4 5 £ t 

[if#Jf7 ] HftG&7tt#)ft&0ffiG*B£rottfl(l&¥ 40 
«*S*«>l*jaj: 9 fc J: 9»J*S*lT 

•45rt#»i:t5H*SlCE«roM I SSfiftg 

So 

tS:»»ti-5W**1 KE©WM I S£¥3ft&R. so 


UI#Jgl 0] m i s h7 vi?**0>y- h®{££JlM 

[!S*rgl I] MIS h7V-^?©y- Km^WiBIII 
B^ro^*<0-<^-yfrji^lcJ:'9 fl9Ei!SSBSi**iE&J8fi 

ftT*« r t Sr»»4i-5Hi*« i *>e>«i 
M3*T-ro^fwi:fatroMi silica 
lSt*JSl 2] M I s h7y^;?roy- hmffi*^® 

^ft&tiLmm^tomzmmw *>n&wz£ 9 hue 

SffirofflMK-LEy- hSffit ^-TOSrMtS r £ 

BfcZHXttZ £ t Sr»»ti-*SI*« l 3 

[!l*JSl 3] B«Ea8gi5iS5^*fi%figffl«li^^-^att6 
tt£ *>5>IH« L XMtfL £ ftT 4 6 Z t b -*-*»* 

1 1 frbimm 3 s r-rov >-r ft7)>(cE«»M i s a^ 
EttwMi sa^ftm, 

5] »**sgiiga>e,i 4fl*-C©v^-fii*» 

6] s9*jS^ l l 4«*r-wv>Tft*» 
l;St»MI S3!¥*#3£ft*2fl. fifth?!";;** 

[»#Jg 17] 2 0 0 KWTOteiat'lf^tS =. <!: Sr 
«r» t -T S 1 3 * T'CV ^Tft75^E« 

I sa^flsKtt. 
[^^<o|¥lffl/ < clft?f!] 
[000 1] 

9. «flcf--v^ftl^J;5LtV^i(jSr«lx.5r.ili 
J: 9ffimE»^lcjg^LfcM I Sfflf WftKHCBBi- 
5. 

[0 0 0 2] 

[tiJfeWtJW] MOS h^^^X^tCft^^ftSM I S 

^<*5JCOftr L^^fi^teT-fSfKlJS^fcSo r 
L# t ^M«fiTli^-y < <c -5 15 <t'^{^^ 


3 

5o ^f-^^^xcoj^ia^K^-fV, y—x ratine 

h*>o w^a*is*6Jc**<ft6i y-x 

[0 0 0 3] '&&<DM I SS*a»(*:iSB^5*>S^ + * 
/U$tf> L # V 7 y * <D&&*im fcfrtt ofc0ij £ L 
T, 1990¥^IEDM Tech. Digest, pp. 391-394 
tt£ftfcY.Okamura^£i& "A Novel Source-to-Dr 
ain Nonuniformly Doped Channel (NUDC) MOSFET 
for High Current Drivability and ThresholdV 
oltage Controllability" ,fch 6 0 r <D'\&%:&\ 1 (Dffi 

O»#4:^**^**<0£«*flH l <£>^S£ 9 ti« < iT 
£t<£>T\ f-ir^M^^SBa -a ' t^^^/^b- 

J: 5 v^wftTt «rft»S*5 : 1 1: J: 9 , L*^ 
^^^Tv^fXyM^lt^M^fc^ rolls 

<&fi£*W i affiBKfflfi l 2 fc»rtl-s#ifett, H l l 

o tcy- hm*$ 3 ^Mtcy- hss 3 £^ 
[0004] ft^*M4^4r- y ^^Bjr-tty- h^px 

fflnS 6 1 -3 2 4 6 2^-fc5VM^1990¥cOIEDM Tech. 


(3) ffl?-6-2 9 5 2 2 


"Digest, pp.939-94U-IBe*ntM.Aoki^SflOS:» " 
0.1/im CMOS Devices Using Low - 1 rapulity- channel 
Transistrs(LICT) " £Elft £ ftfc 5 0 w Oft 

*« 2 <0«JgttSI 6 fc^-f J; 5 fCMO SR*2JB#fBj£$ 

RttT/<vf-x/i/-£»-x_J: 9 fc-f 5t>0>-C*>5 o 
[0 0 0 5] 

10 Ift^/^LJi MlOi&TSrflix.5 - £ ^T-£ 5 
w5*>«5tA/4f*!«»«^*0, «*0*tt^y-yv 

[0 0 0 6] lse*«2-Ctt»ili*o±#t/<v^ 
[0 0 0 7] ftoT#S8WOBtti^5£C5tt, 

5 y *k x a t £ v *m*>'< ? y **i&mi-z> tm*$ 

30 f^icii Ufc¥**«ais]K&»«i-5 r t JcfcSo 
[0 0 0 8] 

6 <fc «9 ti*»*^-r5C £^J:f9*^"Cfr5- 

[0009] &tz, *%w<Dm2cr>mmmi*m2ic7f:i- 

6J:'9t,^<1-5r < t(cJ:or 

50 [00 10] ^bjc, *m\<o%z<oi&M&\\*mz\c7ji 


(4) 


2 9 5 2 2 


[0 0 1 l] rwH3 05±5)fc»ft»#a>»jj»ctt, HI 
1 2 a75Sdfl!>»lS^o-fe^fc*-*-J:5tc, y- h«li 

j: ? icy— h«ffi3^ffliH^>r^^ffibii^fflSE« 10 

[0 0 12] 

[f£ffl] M T S h7y^^(Z)L#^lS:ft^t5Si 
ttflliB 1 <7)<t 5 t^ir*/Hi«jE«>ai*^*****« 

b 5 4 mteto&<omm&m*ti e *> 5 ^« 7 *> 2 ji -c»rt 

#v^r±roia5«J«5, 6fc5VM*7a>»ft-eft£$*i 

tt % ft^BOLlv^ttft*/^** 9 <>Bi<1" 
5rij&ST#5. so 
[0 0 13] *55W*JR2.<03t«6«M:ia2^*+ 

[0 0 14] *5>*c*»WoJB3^jtl6«ttH3©J:5 

mmm&z 1 0 17 / c m 2 % mttstm 6 n m^i^^ti 

»BI»*>«» (ffift) alcJ:«L*^lt«>«fc*B4|c 

*/HB© L * t Mi £ + J; 9 t K < 1" 5 r 4 » 

[0 0 15] K±©J:5 4*iS-CllK»««a«7*s^-r 


6 

^•^^ffiAS^S"l^^^</^9, M I S F*7^^^4 
rifls?**. rc0iSi«4Mf-A'^^*^J:5L#^ 

*a&ic j: e>i"fttf-jeM4 9 , y- sam-jfe^tf e> 

o^T t> L # v Mliiutf-^ic-f £ r 4 6 0 4*5 

So 

[0 0 16] ti?i£±<£>&#4 LTtt, mft$ffi«7IS]± 
+ &X*mm LXfc L S V }fi« L 

»J5cbftv\ K»*W«7 3js*||t+6^ir*A'ftJ:9JI 

S§oT, f-ir*AHi«^«)!lAe«LpHtBl!«-»/]^-ir 
*/uftwi/2*Jdlti-5 ! KWSfc6. 

[0017] jtmxmmi 2^»jg^p-fe^*^-r«t 
5 icy- m«*rt*i«)-f 2i-yfrii*fc «t 9 

l fc« tc y- h * v * * 4 l fc -f it y tmwz x 9 

i«»««*7«:fl5/S1-S 0 wO*ffi^«tttff, y-H^ 
by- hSfcJ: fef-)|<o«AE«tSII«fi«7 
BS^W*-JB^1-5 r 4 5 0 . ft*/HB<?)Sffi«: 
ia»S^L>i^fc»^fi, y- Hlffi3«:iDXLfc», 

y- htt»3 j: 9 b4*ytTh&*0>m&m&tt**tt 

»2 6S:ffl^ry- Hm^3(^iRiJS(C{Rijil2 6 Sr?FM 
t, ^<Df^^^^7^^5/i^cOi4^^^>i : T 
%^^^tT9o y- h«««B^RJtfc«*2 6^ip 

[0 0 18] 

immm] sir* *&w<ommmzm®&m^xistwir 

5 0 *t«t?tt±i:naMOS h5y^?*Mi:R« 

[0019] *^^<^^ 1 (o^mmzm 1 i-^-r 0 
Mosh7>"^^«^n5 3 pm*m»miRi<o 

X 1 0 16 /cm 3 t$)^ ftW^pS 

^^s^is 6 1* y- h me 3 sr^i- 5 m k# d ^ 1 

2 0 k e V<D4*>tt-h&frVB!$.LX. SSlll X 1 
0 18 /cm 3 af:, K»*SI«6(Oiai$XpttO. 0 

5/ima*tft5. y-h^{bflgi \^mk, y-h 


TPFa*PVO>l 2 0 k e VCO>f ^-WT*>i&**ff* 
V\ M^4.X.l0 18 /cm 3 i:t6o Si»fiE1!a«6 *J 

-S^KSLp GfiO. 0 5 M m) fcftt, + 
[0 0 2 0] ^®<D<S«1 5 ttiS«affi^S«rt» t 

Sr 3i * > -r I - J: 0 5 1 * $ h K(K 
[0021] *3itS#jK intf, ft*^6-)IE 

«LpA l 9iA^/-f^ii©ig/i7^C < i:^9, 3-**/l>$:frm< 
ft 5 IS i'^Wft L * v ±#H- 6 ^tt t ft 5 fc to , 

-So 

[0 0 2 2] L#V^«[(0^ir^fift#tt^*5ttS** 

*ff^¥«#£KAA-c9ft<ft9. *!/h*-ryr*y 
[0023] wcMoss(EHw^-r!;r»fta[»c*5*t 

#-C£T^S 0 t**«ll-Ctt^#f*:«iBJci8!»a 


(5) t*l)3¥6-2 9 5 2 2 

8 

ft^ (f" + */^ftO. 3/imB$) 0 ffiW^Sifflffift^ 

<, *ll«Wcj:0»«iffitta««ig<O2»S«^ft 
a-c»2«, fS*a*fia-cfi2«jc«*ns-ti:ar 

10 [0 0 2 4] *-+*/w*B*»5>f-+*yu««jc«A1-SE 
K L P ttRf Hft/h* * icft^rffi&fttl* 7 

(ttLft^J: 5KRf+5&Ba s foSo Lp^O. 05/itn 
(hO. 15/i mT*OUtV^(Df*ir*/^fift#tt*ia 1 

0[z^i~ Q Lp^o. i 5 v m<Dm&\a*. M&f£M%L 

0. 3MmJK»T*ttt**«2 0«ittl^i:(Cfti9, ^+ 

20 *«*7<D»SSrK< Lftv^fc L#^«*+»lc*|«+ 
*«ptt^»e>ixftt^-e, JtHE£tt*B5£ilI*Kf(tt 
7T^<o^<o»SlldSWe>lx-53a^J:oTI9:thS:3EE 
1"5 

[0 0 2 5] SSrtfBOiSsaR*®*^^*)^^*/^^ 

#&tl5. r^K31Srffl^fc*3BWW*2^^1fi«tia 
2fc*1-. S*6^ft^it*s ct^Sit^nir^fi^^j l 
tfitfl^lS-CfeS^, S5»Sffl«7JFMffl^>f^vfr*) 
30 iA^<o^*/i^~£ 8 0 k e V(;:{g;T£-£-C^£ X p 2 
*rK»*ti«60»*XplJ:5t»<LTt^6. * 
tz % tmC 1 X 1 O'Vcm 3 !: 

#-r^r^(^ft»9, L#v^siS*fll-5 0 SotiSM 
40 [0 0 2 6] o^'tc, ffi<^aoa«»«^*4:«fofc* 

ft«a^»ff»*^ftoTv^ 0 ^^^/^b-b' t? 

f-ir+^AttiO t^#V^^^»T*fc5 0 soffit 
^ 0 «*^)|g^L#^1ig(cK»1--5^HM I SS 

so 5«0T\ />ft< tt>r<Z>fiS«rtT*fiffl*wSgS:«oJ:5 


(6) 


m r r\¥6-2 9 5 2 2 


9 10 


iC*T5 8 itiEBJKl O' 7 /cm 3 , y-HHMfc«W6n 

£af±2. IX 1 OVcmt'L^^IiiO. 3V, f 
+ *A^T?tt2. 7 X 1 0 5 /c mT'L#^ffifiO. 3 
5VtLTfc5. r file J: 9, fR 1 OHlfefl ^ IQ CM 
J: «9 Jfi* o r t> L * t *«M*ttT L ft^iSfil 

t\ *+yr»«i«t,iBi«^iiJo**arfc*-c#6 0 10 
[0 0 2 7] o £ K#36«je*#fe<0SB 1 <on&fflzm 
12l:^f 0 *i"ii*OM I S H7^^*0«iS*te 

80 k eV) *ffl>-tW«S:ffl^xm»Bi»W*fflft» 

^s^fiwwu *ys/y 

3>3*KI«fLT^5*y-'hfi»-J!niIi-6 (Hi 2 
a) 0 y^fV2 6*^- m«3*r^JC« 

5 iSfc^EWMrt"* (Hi 2 b) 0 &H#flttK5 
^^y^-^X^o HS3ro«Bi:^y^fyoi 20 
B2 6*rHMtU ^-F^*f^]i:4 0glit^py 
«)»*>f*Vfra* (tI^^-80keV) £ 
fcrftoT, S5«**&B7£Jg$1-5 (012c) 0 

^(oi/2WTT*fo-5<^T\ #y ; >y ay^y- 

/K^it«i]W^^ia»««« 7 SrJBric-T 30 
«x.tfJ:v\ 8c^c*>^yy«)«lt2 6&$*y h 

[0 0 2 8] *^**W^dc*iSfe*c*5Jt 5^2 0^116 

*wtp]«jc, * y v-y ^>y-h3^ox-rs 0 fc« 

fcii*Jl<W«7&J&S-f5 (Hi 3 a) 0 fc^loK'Ji/ 
ffiirZ (Hi 3 b) o %<o'& K^^y^fcj^y- h 


K«:i(ii<t5: i*5TS5o *?tcflt*0>r^WTii^ 
i::J:9y-*, Ku^^fl«4«r»j*LT, *o)»Hta 
%<DM \ S h 7 y^^*^l8i:goTS»lSS:ii L 

rtffiic^B»ffi««7^jBriti-5^t35 s T*tsw-e, 
y-*, Ku>f ><o«^Sr«<iRo«:***«|jiSrjedt 

[0 0 2 9] *5SW^«iSS:JKfi!E-rsCMOS8! 
igyn-irx^H 1 4(^1% **fHl 4 a 5 »C 

C M O S XS t nfl^*?#JMM 2 L , 
NMOSjBSKS*»wtt*p VS: 1 2 0 k e V^tyft 
^LtpfiWllMBtWL, PMOSMS 
^(-fiy 1 8 0 k e VC>f tyfT^Lt nSBi 
5*r»j*1-6. rcoo#, S?£J|ffiftfl4H2 

flaET-ffiffli-5*&^fe^*Ctt, NMOS, PMOS?r» 

E»«£«e^5fc«>^ NMOSMS«Clj:7 7ft 
^Dy^5 0keV-CtT^^ PMO S Jg^igctdfl 
!iVJ:3 0 keVT*>ftyjT^t5o ScKH 1 4 b 

f-lCtoaoXLfcf*, paA»A««7«r»A-r«ft:« 

teNMOS, PMOStt^il5»JtS«6*fcttl 5Sr 

»S»**5 J:Wt^^lIA»L P <t < »A 

A*n5»ix*s*)6»^tt7Ry >-y *^<D±\cm{tm 

/•C^^t-Ctitfe-CtSo ^wgwig(JM(OCMO 

SSitXgfclRlCT*, 0 8 c(C75"t"J:?Jcy-^, 

>f VSr-f ^■viT*>a«."r»rilU, 8 5 0tl0^7- 

PS1"5o *KiHi4dl^i-J:5K:JBII]|ftlMl8fc* 
II, hf%<D'XZr3rtX%mR\<DT/\'^ l 0?r 

[0 0 3 0] ^fe^3(OSJ£0i]-CK»;jfJi 


(7) 


mm¥-6-2 9 5 2 2 


11 

fcl5iA/£ISIi;"C*>6*\ iK»flEJH6*5j:t/7S:JI5*i- 

«6, 7fcft*L*^fci&* LT»fisi£ 
(F I B) Srffl^ixtf^^vtf-ASrttS- ttcj: 10 

[0 0 3 1 ] *«c^ir*/HB«>fr«o*jcK»ac»a!)a 
[0 0 3 2] SCMOS h9V^X#<Dffl*ffiffi0>iiM)D 

[0 0 3 3] W:*^?rSO I «it (v'li^-^ 

* y =i >mtm 2 a 6^^x17 (nr^wt 

X, 'O^xfr— SrWiX-SSi* ir^5 0 SOl«5S 40 

1 <om*m tanum ± 5 1 * & i-s^ t^t-u^ 
[0034] h fc*w*a«rt«BJ-»iitf»5&y- 

WSrffl^S^t^-C#5o Ell 9ttffliiy- H-*38W 


12 

^«ofc*JcSJ»ffl)B7«iy- HIMfcR^&x p*LT 
fiScLT, ^^^^^vfr^iA^^J: , 9?^®S/g7^;FM 

[0 0 3 5] ft(c*«WWlSaS:*^-r*^S»»^(S« 
«c«fflLfc3llfiW<o5PHia«:0 2 0^*1-. 
a* t tt f - -f */M8#* < 4 o fc t ic, »?ftBffil£ 
2T^ilMft^h7Al8 (@15#S8) <7)^ 

*«i§ttJM^£tt« (HI 5) fcR KS 

7<7M:*>'fl"^&^<^x* 2 0£S"J(;:a3:tt"O>5 0 S5 

KSA«*7M:L«i^iK^ff«<r 

^-v^/^ hy/q 2^KSPT*L#v^Sili</ t c56B5> 
OiS»g[««7SrK*tiv^fclcj;0, Z<oUft<DL$ 

S*fl0>ttJK*H2 a»*jg"Cttf-ir*^*B 
•Ctt f 5 1 £ L t v <7) SB-f b S: fp x h r <t ^ r- # T v ^ 0 

[0 0 3 6] **WW«*«iattLDD«aSftif<DKU 
Z L D D ffi&fD C M O S Mffl t > fcjl jffi^J 00 Sfr® d H 2 

2io^-f 0 S^WSit^p-tr^iiHi 4<tfsii:r'fo6 

iiilffift^fc^, n, pP^^£l£tf"C£>5o * 

LTRJtT^S. hSr-^^^i LTK»«SB*7 f 
1 6«:»Afltt*ttKW^«tt2 2^it>*2 3^^^ 

LDD«afJCj;»JjBJ£^i8i<^5/ h^rtyri^ 
[0 0 3 7] ^|§^<7)MOS h7>"^^li8{MK 


13 


(8) 


WUJ-V-6 - 2 9 5 2 2 

14 


>- v>x * <jr>W»-c*> 5 y- h Jnxwtf 5> o £ li «fc <b fci^ 
- 'J£<F> L # v *ftt#» ftft tf H»<D*W4tttf 6 o # 0O'> 
fe^t>*>(cfc5 0 [12 3limfiffflr^^^ir^7«*(c 
ffl^STtP ^/r y^/uftft^-XAy KL S I CO 

A/DfcJctfD/A^ftlsIKi: DS P (xv^vU • : 
^.yniryi^) X'ffif&Ztl* IftCJ:^ 1. 2V-C 
®jf^i"6o ft, Z<K>m2 3WLS I (OCMOSy- hS|5 to 
I4H1 40Siig7 p nirx-C^$n5^ HT'^, 0 2 

■C#5. A/D£*@KTtt*««£*fcfcS* 
tfiS*SB»fiA^^a7>^r**>S 0 7<Jj<n2i<n 

Wc||^7>7 P <7)0&£0 2 1 (C^ D 

!C^^Tt>i«MS^A/D^lH]^^(C^5 0 
[0 0 3 8] 

X^+fficotf e>o#(^J:5 L#v^otf e>o#Sr«ix, * 
[HS4>ffi¥fef!l9n 

[Hi] ^W^fBlo^JtW^WrnBia-C&S,, 
[02] *58W<0»2<03l*«o»rffiiat?*)5 0 
[0 3] *3gW<o®3<oH*tW«)BfffiH*5J:r5S«*« 

[04] H3(oatRjis»#w«* (*B»H»^.«») 

[0 5] *" + */Hi«>*i»**aB»*«rKai*^urL 

mxhz> 0 

[0 6] f-t^^I^^tIM^< LTiS^ 

[0 7] <7)fiffi»fi^S:^1-|gT**>5 0 
[08] L#^tt^^*/ufiftfftt^j3(tS**W^ 

[0 9] MOSKfcB*-vyr»!B«(cl3*t«*38^<Z) 

[010] *32W^J;0i«»a®«t7(D^^^SB«crt 


fcft A t fcEB L p ic J: S L * t *«W> ^ * * A**#tt 

[011] 1 (DBtiLXmX'hZ, 

[0 1 2] *«Wfl5*Jli«jcJ:6Riat*«fe«r*i-iaH 
VhZ> 0 

[013] *«Wo«i«)«IS«|cj:6ilJS*tt«r*i-I 

[014] *%m<nmmm^£zcMo$,ffim<om&T 
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